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THE  EPIDEMIOLOGY  OF A  RABBIT  RESPIRATORY
INFECTION.
III. NASAL  FLORA  OF  LABORATORY  RABBITS.
BY  LESLIE  T.  WEBSTER,  M.D.
(From the Laboratories of The Rockefeller Institute for Medical Research.)
(Received for publication,  February  1, 1924.)
As a part of  the investigation into the etiology  of rabbit snuffles,  a
study  has  been  made  on  the  nasal  flora  of  rabbits  during the  past
2  years.  In  this  paper  there  will  be  described three  typical  series
of  observations  to  illustrate  the  method  employed  and  the  data
regularly  obtained  throughout  the  work.  Finally,  the  findings
from  this  and  the preceding  paper'  will  be  employed  to  arrive at  a
tentative  conclusion  as to the cause  of rabbit snuffles  at The  Rocke-
feller  Institute.
Method.
The  nasal  flora  of  the  rabbit  has  been  studied  by culturing  both
nares of the same individuals  at frequent  intervals over long periods
of  time.  The  different  types  of  aerobic  bacteria  and  the  relative
frequency  of  each  have  been determined.  The  exact technique may
be described  as  follows:
The  rabbit  is  held by an  attendant.  One  of  the operatQr's  hands  holds the
rabbit's head,  and his other hand  passes a sterile cotton  swab up into  the nasal
passage, 1 to 3 cc., depending upon the size of the rabbit.  The  swab is revolved
slowly so as to cover all available portions of the nares.  It is then withdrawn  and
a fresh swab is used for the opposite  side.
The swabs are streaked  thoroughly  over 14  cc. Petri dishes containing  freshly
prepared blood  agar  (pH  7.4  +  5 per  cent  defibrinated  rabbit  blood).  These
plates  are  incubated  24  hours  and  then  examined.  Colonies  are  identified  by
smear,  hanging  drop,  and  culture  methods,  and  the relative  numbers  of  each
colony are estimated.
1  Webster, L. T., J. Exp. Med.,  1924,  xxxix, 843.
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At least three tests over an interval  of 1 week are considered necessary to give
accurate information  concerning the nasal flora of a rabbit at a given time.  When
this procedure has been  carried out,  the findings  will invariably  check  with sub-
sequent autopsy cultures and may be used as a safe index to interpret the present
and predict the future behavior of the rabbit's respiratory tract.
Three  series  of experiments  are  reported  in this paper.  The first
series  deals  with  the  flora  of purchased  rabbits  immediately  upon
their arrival  at the Institute; the second  series relates  to  the flora  of
stock  Institute  rabbits which  have been  on hand  at least  1 month;
and  the  third  series  to  the flora of  rabbits which  are being used for
experimental  purposes.
Bacteria Present in the Nasal Passages.
The aerobic  bacteria recovered  from  the nasal  passages  of  rabbits
examined at The Rockefeller Institute may be enumerated  as follows:
Bacterium lepisepticum, Bacillus bronchisepticus, Gram-negative  cocci
of  five  types,  Staphylococcus aureus and Staphylococcus albus, hemo-
lytic  and  non-hemolytic  streptococci,  and  various  organisms  of  the
intestinal  group,  such  as  Bacillus  coli,  Bacillus  alkaligenes,  and
Bacillus aerogenes.
Descriptions  of the cultural and serological  characters of Bacterium
lepisepticum  and Bacillus bronchisepticus will be published later.
The  Gram-negative  cocci  of Type I answer all the requirements of the Micro-
coccus catarrhalis  group.  The colonies  are small, dry, and convex.  The cocci are
irregular in form with many biscuit and diplo groups.  They are non-motile.  In
broth,  the growth  is granular.  Dextrose, lactose,  saccharose,  maltose,  mannite,
and salicin are not fermented.  Milk is not changed,  indole is not formed, gelatin
it not liquefied.
Type II Gram-negative  cocci  form flat, wrinkled,  irregular colonies.  They are
non-motile.  The growth  in broth is diffuse.  Dextrose, lactose,  saccharose,  mal-
tose, and mannite are fermented;  salicin is not changed.  Milk is turned slightly
acid and  tends to be peptonized.  Indole is not formed;  gelatin is not  liquefied.
Type III Gram-negative  cocci are quite similar  to Type II  except that  salicin
is fermented  and mannite is not fermented.  Milk is turned slightly acid.
Type IV differs only in its sugar reactions.  Dextrose, saccharose,  maltose, and
salicin are fermented  while lactose  and mannite remain unchanged.
Type  V  resembles  many types  of  staphylococci  in that  all  sugars  (dextrose,
lactose,  saccharose,  maltose, mannite,  and salicin) are fermented. 2 But they are
2  Gordon, J. E., J. Infect. Dis., 1921,  xxix, 462.
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Gram-negative.  Growth  in bouillon is  diffuse.  They  are non-motile.  Milk  is
turned acid and coagulated.  Indole is not formed,  and gelatin is  not liquefied.
The  staphylococci  usually  ferment  all  sugars.  Staphylococcus  aureus  and
Staphylococcus albus  are found.  Micrococcus tetragenus and  Sarcinm  are  occa-
sionally  noted.  Hemolytic and non-hemolytic  streptococci  are present.
B. coli communis and communior have been isolated and B. alkaligenes and B.
aerogenes.  Gram-negative  rods resembling B.  morgani have  been quite frequent
and occasionally  a member of the paratyphoid-enteritidis  group has been found.
All of these intestinal organisms are probably only present at the  external nares,
for  they  have  not  been  found  at autopsy  when  the  deeper  nasal passages  are
cultured.
Series 1.  Purchased Rabbits.--The animals,  after  being  received,
are kept in  special  rooms  until  required  for  experimental  purposes.
The nasal  flora was  determined  by a series of  three or  four cultures
begun on the day  of arrival  and  terminated  within a week.
Group A consists  of  fifteen  rabbits,  weighing  1,000  to  1,500 gm.,
obtained from a dealer.  They showed no clinical evidence  of snuffles
during the period of' examination.
Table I summarizes  the  nasal  flora  of these  rabbits.  The Micro-
coccus catarrhalis  type was present in large numbers in 66  per cent of
the  cases.  Bacterium lepisepticum was  the  predominating  organism
in  46  per  cent.  Bacillus  bronchisepticus,  Gram-negative  cocci  of
Type II, and unidentified  intestinal bacilli in  the lactose-fermenting
group were present in fair numbers in 40 per cent of the cases.  Type
III  Gram-negative  cocci  were  present  in  26  per  cent.  Occasional
types  were  Staphylococcus  albus,  Bacillus  aerogenes,  Bacillus  coli,
Bacillus alkaligenes, Bacillus morgani, and  the Bacillus levans.
Group B consists of 77 rabbits, weighing  500 to 1,000 gm.,  brought
from The  Rockefeller  Institute farm  in New  Jersey.  They showed
no  signs  of  snuffles  during  the  period  of  observation.  Table  II
summarizes the  nasal  flora of  these rabbits.
The Micrococcus catarrhalis  type  was  present  in large numbers  in
79.3  per cent  of the cases;  Type II Gram-negative  cocci were  found
in  large  numbers  in  44.2  per  cent;  Bacterium  lepisepticum  and
Bacillus  bronchisepticus  in large numbers in about 25 per cent; Type III
Gram-negative  cocci  and  unidentified  lactose-fermenting  organisms
of the intestinal group in about 14 per cent.  Other types noted very
occasionally  were  Staphylococcus  albus, Bacillus coli,  non-hemolytic
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streptococci,  Bacillus aerogenes,  Gram-negative  cocci  of  Type  IV,
Staphylococcus  aureus, Bacillus  alkaligenes, and  unidentified  lactose-
fermenting  organisms  of  the  intestinal group.
The  flora  of  these  two  outside  groups  are  quite  similar.  The
Micrococcus catarrhalis type  is  the  most  frequent  and  is  found  in
about 70 per cent of the cases.  Other Gram-negative cocci, Bacterium
lepisepticum,  and  Bacillus  bronchisepticus are  present  in  about  35
per  cent,  and  still  other  cocci  and  intestinal  forms  in  decreasing
frequency.
Series 2.  Stock  Rabbits.-Normal stock  rabbits  are  those  which
have  been  kept at  the  Institute  for  at  least  a  month.  The  first
thirty-three animals in this series have not been used for experimental
purposes  and  during  a  long  period  of  observation  have  shown  no
clinical  signs of  snuffles.  They  have been  kept in  a breeding  room
free  from snuffles  and  Bacterium lepisepticum carriers.  Any animal
in  this  group  developing  clinical  signs  of  snuffles  or  Bacterium
lepisepticum in the nasal  passages was immediately killed  and autop-
sied.  Table III  summarizes  the  average  findings  of  many  cultures
on  these  rabbits.
Table III shows that all the thirty-six  rabbits in this series showed
the Micrococcus catarrhalis  group in large numbers, 39 per cent showed
Bacillus  bronchisepticus,  and  15  per  cent  Bacterium lepisepticum.
The  remaining  bacteria  were  quite  similar to  those  of  other  groups
described.  The  low  percentage  of  Bacterium  lepisepticum  in  this
series  and  the  entire  absence  of  clinical  snuffles  are  accounted  for
by  the  fact  that  all  carriers  were  immediately  removed  from  the
room.
The second  group is composed  of  twenty-one adult rabbits  which,
a  year  ago,  had  received  three  small  intravenous  doses  of  a  killed
culture  of  Bacterium lepisepticum.  This injection  was  quite ineffec-
tual  and  the  animals  have  since  been  kept  under  observation  as
normal  control  stock.  Table  IV summarizes  the flora of  these  rab-
bits.
The  summary  of  the  nasal  findings  of  the twenty-one  rabbits  in
Group  II  shows that  the Micrococcus catarrhalis group  was  present
in  95 per  cent  of  the cases,  and  Bacterium lepisepticum and Bacillus
bronchisepticus in  70  per  cent  and  50  per  cent,  respectively.  The
remainder  of  the  flora  showed  no  unusual  variation.
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In brief,  then,  normal  stock rabbits kept at the Institute for vary-
ing periods of time showed  nothing unusual in the flora  of their nasal
passages  except  for  a  great  frequency  of  Bacterium lepisepticum.
Series 3.  Experimental  Rabbits.-The data  obtained  from  Series
1  and  2  describe  the  types  and  relative  frequency  of  bacteria
found  in  the  nasal  passages  of  normal  rabbits.  This  experimental
series represents  a group  of forty-two  rabbits inoculated  with tumor
or syphilis  by Drs. Brown,  Pearce,  and  Van Allen and  studied  bac-
teriologically  by  us.
The  bacteriological  study  was  carried  out  in  the  routine  way.
As the variety and number  of cocci  and intestinal bacteria so nearly
resembled  those  in the other series,  the tables of this series group the
different bacteria under three heads:  (1)  cocci, (2) colon group, and (3)
Bacillus  bronchisepticus  and  Bacterium  lepisepticum,  and  present
the general result  of each  observation rather than a  detailed  average
observation  as  before.
These  tables  (V-IX)  show variations  in the flora  of  these  rabbits
over  a  period  of  3  months  for  comparison  with  the  final  cultures
taken  at  autopsy.  In  every  case  autopsy  cultures  checked  the
Bacterium  lepisepticum and Bacillus  bronchisepticus  findings during life.
In  Table  V,  serial  cultures  on  eight  normal  rabbits  are  recorded
whose nasal  passages  showed  at one time or another  both Bacterium
lepisepticum and  Bacillus bronchisepticus.  According  to this  series,
either the one or the other may disappear and later may recur.
Table  VI  shows  four normal rabbits  which remained  free  of Bac-
terium  lepisepticum  and  Bacillus  bronchisepticus during  the  entire
period  of  observation.
Table VII tabulates the flora of nine normal rabbits which showed
Bacillus  bronchisepticus but  no  Bacterium lepisepticum,  and  Table
VIII  presents  the  records  of  ten  normal  rabbits  showing  Bac-
terium  lepisepticum  but  no  Bacillus  bronchisepticus during  the  3
months  study.
Table  IX  groups  the rabbits  in  this  series  with  clinical  snuffles,
eleven in all,  and  shows that in each  case Bacterium lepisepticum is
the  predominating  organism.  Bacillus  bronchisepticus  may  also
be present  at one time or another, but when  serial quantitative cul-
tures  are  taken in  this manner its  presence appears  to  be  quite  un-
important.
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- _  . ,  . . _  . _  . .RESPIRATORY  INFECTION  IN  RABBITS.  III
In  brief,  then,  of  thirty-two  normal  rabbits  in this  series,  58  per
cent showed Bacterium lepisepticumn and  53  per  cent showed  Bacillus
bronchisepticus; while  12  per  cent  showed  neither Bacterium lepisep-
cum  nor  Bacillus bronchisepticus during  the  entire  period  of  obser-
vation.  In all  eleven rabbits with clinical  snuffles Bacterium lepisep-
ticum was  the predominating  organism.
DISCUSSION.
The  bacteriological  study  of  the  rabbit  stock  described  in  this
and the preceding papers' 3has supplied us with data on the frequency
and  distribution  of  certain  respiratory  infections  among  the  stock
of  The  Rockefeller  Institute.  The  rabbits  examined  were  taken
from  nearly  every  room  in the  building  and  thus present  a  general
index  of  the prevailing  conditions.
We have  estimated  on  the  basis  of  these  data  that  from  35
to  45  per  cent  of  the  entire  stock  is  affected  with  clinical  snuffles.
This  average  percentage  is maintained  throughout  the year  by  the
continual addition  from  outside  sources of partly healthy and partly
infected  stock obtained  from  the dealers.  On the other hand,  pneu-
monia and  septicemia  are relatively  infrequent  and  no  severe  epide-
mic  of respiratory  disease  has prevailed  among the rabbits for  some
years.
From the nasal passages of all animals affected  with clinical snuffles,
Bacterium lepisepticum has  been  cultured  during  life  or at  autopsy.
In  the  great  majority  of  cases,  this  organism  greatly  outnumbered
all others and was often isolated in pure culture.  Bacterium lepisepti-
cum  may be cultured  during life  or at autopsy from 30 to 40 per cent
of  normal  rabbits  upon  arrival  at  the Institute,  and  from  60  to  70
per  cent  after  they  have  been  quartered  in the  animal  house  for  a
period  of  time.  Therefore,  at least  70  per  cent  of  the  stock were
carriers  of  Bacterium lepisepticum.
The bacteria accompanying  this  organism  consisted  of relatively  a
simple  and  constant  group;  in 80 per  cent  of  the rabbits,  the catar-
rhalis and other Gram-negative  cocci were found,  and in 40 per cent
Bacillus bronchisepticus  was also present, while the Gram-positive cocci
3  Webster,  L. T., J. Exp. Med., 1924, xxix, 837.
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and  intestinal  group  of  organisms  found  near  the  external  nares
occurred  in  10  to  15 per  cent  of  the  aniamls.
Bacillus bronchisepticus was  found  equally in 30  to  40 per  cent  of
normal and of snuffles rabbits.
The fact that Bacterium lepisepticum is  constantly associated  with
rabbit  snuffles  in  the  rabbits  studied  and  is  present  in  the  nasal
passages  of  so  many  other  rabbits  has  led  us tentatively  to consider
it as the bacterial incitant  of  that disease  and  to investigate  further
its pathogenic  properties  as  a  step  toward  reproducing  snuffles  ex-
perimentally.
SUMMARY.
The bacteria  constituting  the nasal  flora  of rabbits at The  Rocke-
feller  Institute  may  be  enumerated  as  follows  in  the order  of  their
frequency:  (1) Micrococcus catarrhalis group,  80  per  cent;  (2)  Bac-
terium  lepisepticum,  70  per  cent;  (3)  Gram-negative  cocci  which
ferment  dextrose,  lactose,  saccharose,  maltose,  and  mannite,  but
not  salicin  and  Bacillus bronchisepticus, 40 per  cent;  (4)  Staphylo-
cocci,  streptococci,  and  various intestinal  bacilli  which  probably  are
localized  at the  external  nares,  10  per  cent:
Bacterium  lepisepticum  is  the  predominating  organism  in  the
nasal passages  of  the rabbits affected  with  snuffles.
We wish to thank Mr.  Caspar Burn for assisting with the technical
work  involved  in  these  experiments.